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THE PATENT 05TTCE, 
24th February^ ig&j 

l!> xxeiecDiun:^ ngiu pauccs uavc uocu umui. uj. 
nmiezal wool fibers or glass fibers having a 
S3nxdiedc resin hinder dispersed thtonghout a 
mat of blanks of such fibers. These panels, 
akhough rigid enough to be self-supporting in 

^ a suspension gdd system, yet have sufEicient 
poiosdy to serve as effective acoustical materials 
and heat insuktors. The rigidity of the panels 
occurs because of two fectors: &st> the med^ 
anicd intedocliiig of the fibors themselves, and 

25 secondly, the bandiDgeiOto of the resin binder 
which firmfy holds the fibers togedier at the 
points where the fibers touch each other. 

Since the cost of the synthetic resin binder is 
a significant &ctor in the economics of mann- 

30 ^ctimiig such pands, a reduction in the amount 
of binder without a corresponding reduction in 
the strength of the panel becomes a very 
inqKkrtant consideration. 
AdditkmaUy, in die picdnction of mineral 

35 fibers, unattenuated solidified minute particles 
are produced. Her^fore, these particles vrere 
believed to be detrimental to the panels because 
diey added weigjii without contributing to the 
strength of the product. However, it has been 

40 found diat if the irartides are present within 
specific ranges of size and amount, they con- 
tribute to the strezigth of the product and effect 
a more efficient use of the binder. 
Prior to the present invention, rigid fibrous 

45 panels have been made oonventionallv in a 
'J 
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parts of the mech^usm cause the two opposed 
conveyors to move at different speeds and the 
individual platens do not move in horizontal 
planes. These mechanical defects cause move- 
ment ofthe fibers within the blanket during the 65 
curing thne ofthe resin bmder. Because ofthe 
movement of the fibers, numerous bonds 
between the binder and the fibers are being 
continually broken and the binder sm widiout 
achieving the optnnum bonding strength of the 
panei In partial compensation for this 
difficulty, an excessive amount of binder is 
normally used in the prq)aration ofthe panel 
However,as previously discu^ed, die inefficient 
use of the binder results in a more e]q>ensive 
product* 

In addition, because of the relative move- 
ment ofthe fibers during the curh^ period of 
the bmder, die diickness of the pand is not 
constant and an additional sanding operation 80 
must be p^ormed to adiieve a flat surfiice. 
This addidonal sanding operation is also 
necessary because accurate duckness control of 
the pand is not possible with the mechanical 
problems herdnb^ore discussed. 85 

Where an oven in which opposed conveyors 
of articulated platens is used, the sur&ce ofthe 
resuking product is not snu>o!h, but has ridges 
corresponding to die areas between adjacent 
p^iter?^* In order to produce a smooth product^ 50 
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We, The Celotex Compant^ a corporation 
organized under the laws of the State of Dela- 
ware, United States of America, of 120 South 
LaSaile Street Chicago 3, Illinois, United 
States of America, do hereby declare the 
invention, for which we pray thai a patent may 
be granted to us, and the method by which it 
is to be performed, to be particularly described 
in and by the following statement: — 

This invention relates to rigid panels of 
mineral fibers rMimfr a synthmc resin 
binder, and more particular^ to a novel 
method of malnng such pan^ and to the 
resultant product 

HeretDfore, rigid panels have been made of 
mineral wool fibers or glass fibm having a 
synthetic resin binder dispersed throughout a 
mat of blanket of such fbers. These panels, 
although rigid enough to be self-supporting in 
20 a suspension grid system, yet have sufficient 
porosity to serve as effective acoustical materials 
and heat insulators. The rigidity of ^ panels 
occurs because of two &ctDrs: &:st^ the mech- 
anical interloddng of the fibers themselves, and 
25 secondly, the bonding efifect of the resin binder 
which firmly holds 3ie fibers together at the 
points where the fibers touch eac^ other. 

Since the cost of the synthetic resin binder is 
a significant &ctor in the eoanomics of manu- 
30 &ctuiing such panels, a reduction in the amount 
of binder without a corresponding reduction in 
the strength of the panel becomes a very 
important consideration. 
Additionally, in the production of mineral 
35 fibers, unattenuated solidified minute particles 
are produced. Heretofore, ^hese particles were 
believed to be detrimental to the panels because 
they added weig^ without contributing to the 
strength of the product However, it has been 
40 found that if the parrides are present within 
specific ranges of size and amount they con- 
tribute to the strength of the product and efiect 
a more efficient use of the binder. 
Prior to the present invention, rigid fibrous 
45 panels have been made conventionally in a 

V \] 



contmuous press" system. By "continuous 
press'* is meant an oven in wMdi the tmcured 
blanket of fibers interspersed with binder is 
moved therethrough and tiie binder is cured by 
the appHcation of heat, usually by forcing 50 
healed air through the blanket Conventionally, 
the blanket is conveyed between upper and 
lower moving conveyors. Each conveyor 
comprises an articulated system of adjacent^ 
mounted platens or flights. Although the upper 55 
and lower conveyors are engineered to move in 
tmison and in horizontal planes, the ideal is not 
achieved in actual practice. Uneven wear in the 
various linkages, and stresses caused by 
d iffer e nti al hcitmg of the platens and oriier 60 
parts of the mechanism cause Ae two opposed 
conveyors to move at different speeds and the 
individual platens do not move in horizontal 
planes. These mechanical defem cause move- 
mem ofthe fibers within the blaoiket during the 65 
curing dme of the resin binder. Because of the 
movement of the fibers, numerous bonds 
between die bmder and the fibers are being 
cQminually broken and the biiwier sets vnithout 
achieving the optimum bonding strength of the 70 
panel In partial compensation for this 
difficulty, an excessive amount of binder is 
normally used in the prqsaration of the panel 
H6wever,as previously discussed, the inefficient 
use of the bmder results in a more expensive 
product 

In addition, because of the rdative move- 
ment of the fibers during the curing period of 
the binder, the thickness of the pand is not 
constant and an additional sanding operation 
must be performed to achieve a fiat sur&ce. 
This additional ss^dtng operation is also 
necessary because accurate tfaidmess control of 
the panel is not possible with the mechanical 
problems hereinbefore discussed. 

Where an oven in which opposed conveyors 
of articulated platens is used, the surfece of the 
resulting product is not smooth, but has ridges 
corresponding to the areas between adjacent 
platens. In ord» to produce a smooth product, 90 
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at least one surfece thereof may be sanded. This 
additional step is cosdy and reduces the 
strength of the panel. Furthermore, provision 
must be made for the removal and disposal of 

5 the material sanded oflf the surfece. 

It has been found that in the conveyor-press 
process, there is a slight migration of the 
syndietic resin tovrard the outer surfeces of the 
panel to form a Ain skin. This s%ht accumu- 

10 lation of synthetic resin, when cured, adds to 
the rigidity of the panel by providing a re- 
inforcing skin eflfect When the panel is sub- 
sequently sanded, the thin skin is removed and 
the rigidity ofthe panel is reduced. Inaddition, 

15 vphenonesideof die panel is sanded to remove 
the ridges caused by the areas between the 
platens and to ensure accurate thickness con- 
trol, it is desirable to sand the other side of the 
pan^ to balance tb& removal ofthe skin efiBact 

20 from the sanded side to minimize bowing ofthe 
paneL 

The present invention provides a rigid panel 
having a density of between 4and 70 pounds 
per cubic foot comprismg by vpdght of finished 
25 product between 83 and 9S% of mineral 
matter, of which between 47% and 86% is 
interfdted mineral-wool fibers and between 
14% and 53% shot partides and between 2% 
and 17% of syndimc resm binder, whcrdn 
30 said shot particles are no laj^ than 10 mesh, 
and in which 5% to 8% are retained on a 
30-mesh screen, 30% to 40% are retained on a 
50-mesh screen and between 50% and 60% 
pass through a 50-mesh screen. 
35 The present invoition also provides a method 
of making a rii^d panel as defined above com- 
prising t& steps of makis^ a blanket of inter- 
felted mineral-wool fibers, shot particles and 
uncured synthetic resin binder, preconqjiessiiig 
40 the said blanket to a thidcness less than its 
original thickni^ cuttnag said blanket into 
portions of required size, heating simultaneously 
a plurality of said blankets at a temperature of 
between 250TF. and 450T. and applying to 
45 said blanket betweai platens a uniform 
pressure of between 1 and 290pounds per 
square inch for a pedod suffident to cure said 
synthetic resin. 

The objects and advantages will be more fully 
understood and appreciated in the light of the 
following more deta^ desct^tion of the 
preferred embodkoent take^ in conjunction 
vrath the accump on ying drawings in ^iuch: 
Figure 1 is a gqnacal schemadc iDustrarion of 
55 the ovioall operation of the manufacturing 
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Figure 2 is an end view partially in cross- 
section showing the fiberisdng and fiber- 
collection apparatus; 
60 Kgure 3 is an end view of the multiple- 
opening press used in the manufocture of the 
rigid panel of the invention; 

Figure 4 is an enlarged view of a portion of 
the rigid panel ofthe invention taken along line 
65 4-4 of Figure 5; 



Figure 5 is an end view of a portion ofthe 
rigid panel ofthe invention; 

Figures 6 and 7 are views of portions of a 
cured pand vpith and without shot to aid in 
explaining the mechanism of the invention; 70 

Figure 8 is a graph of the strei^;th of the 
cured panels of die invention and a prior art 
pand in terms of the density of each pand, and 

Figure 9 is a graph showing the rdationship 
between the density ofthe fiimhed product and 75 
the press pressure. 

For a more detailed description of die 
invention, reference may be had to the figures 
in the accompanying drawings, and more 
particularly to Figure 1 thereof. 80 

Figure 1 illustrates the overall operation of 
the manufacturing process and shows the major 
components of the system in schematic form. 
Subsequent figures show detailed views of 
particular portions ofthe apparatus. 85 

The mineral wool used in the rigid pand of 
the invention is made in the spinning apparatus 
and collection chamber 10. A more detailed 
showing of the spinning apparatus and collec- 
tion chamber is shown in Figure 2. The 90 
mineral wool made and collected in the spinxung 
apparatus and collection chamber 10 comprises 
a fiber ranging in length finm a few millim^ers 
up to about four indies in a random fa shion. 
The arithmetic mean diameter of the fiber is 95 
appnndmatdy 8 microns with a range of firom 
2 to 15 microns. As will be discussed later, a 
diarge of slag is heated in a ciq>ola and appHc^ 
to a spinning rotor where the molten slag is 
divided into multiple streams. Steam under 100 
pressure is blasted against the streams to form 
die thus described mineral wool fiber. In the 
steam process, not all of the molten slag is 
convertedinto fiber, but between 14% and 53^i 
by weight remains in the form of shot. After 105 
the mineral wool has been made;, all ofthe shot 
can be removed by a screening step or otiier 
mechanical treatment. It is obvious to sdect 
shot having the proper mesh size by a screening 
operation. In this r^ard, the same mechanical 110 
means whidi are used for a sieve analysis ofthe 
shot content, can be used to select the proper 
medi range of shot. This shot may dien be 
added to the mat in the proper amount. Shot 
may be defined as small partides of unformed 115 
fitoer whidi have been heretofore bdieved to be 
detrimental in the production or rigid panels. 
However, as wQl be discussed hereafter, die 
shot widiin a given amount by weight and of a 
pre-detexmined size adds to the ^dency of 110 
the resin used as a binder in die rigid panel 

As a part ofthe spinning apparatus there is 
provided a binder-spray ^paratus whidi 
applies a binder to the fibos and shot produced 
by the spinning apparatus. The binder may be 125 
thermosetting or thermoplastic, and ranges in 
an amount of between 2% to 17% by wdght of 
the fimshed panel 

The combined resia-coated Sbsr and shot 
are collected on a conveyor belt 12 in the form 130 
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of a thick, uacompiessed blanket 14. This 
blanket is usually 10 to 12 inches in diickness. 
The conveyor deposits the randomly oriented 
fiber-and-diot blanket 14 onto a second con- 
5 veyor 16 which carries the blanket 14 under a 
compression roll 18 whereat the blanket is 
compressed to a thickness of between 3 indies 
and 8 inches by the compression roll 18. The 
du<^ess of the uncured blanket will dep^d 

10 upon the desired thickness and density of the 
finished product The compression roll 18 
applies a pressure of between 1 pound and 30 
pounds per square foot^ depencfing upon the 
thickness and density desired in the finished 

15 product The compression at this point 
reduces the uncured blanket 14 to approxi- 
mately 50% of the original blanket thickness. 

Conv^or 16 then moves the compressed 
blanket 14 under a knife 20 which cuts die mat 

20 into desired lengths. The blanket 14, as 
originally formed, is approximate^ 4 feet wide, 
and the lengths as cut by the knife 20 may be 
from 4 to 16 feet in one-foot increments. The 
cut blanket 14 is moved to a caul applicator 

25 section 22, where a bottom caul 23 is placed 
underneath each section of blanket 14, and a top 
caul 24 is placed on top of the blanket Cauls 
23 and 24 may be of sheet aluminium or other 
DMtal, such as iron or steel, large enough to 

30 enclose the uncured blanket 14. Thepurposeof 
cauls 23 and 24 is to prevent the blanket 14 
firam sticking to the press plates. In addition, 
the caul plates serve as carriers between which 
the uncured blanket and cured panel are carried. 

35 A suitable caul-release agent, such as zinc 
stearate, may be used to prevent the blanket 14 
from sticking to the cauk. The cauls 23 and 24 
present a smooth fece to the blanket 14 and 
this ensures a flat> smooth sur&ce on the cured 

40 panel. The blai:^et 14 in its cut form, and 
sandwiched b^ween cauls 23 and 2^, is 
deposited upon a press loader 25. Press loader 
25 comprises a platform portion 26 upon which 
each of the cut portions of the compressed 

45 blanket is placed in sequence. A hydrauhcaily 
operated plunger 27 raises platform 26 in steps 
so that the cut portions of hxc uncured blanket 
may be inserted between platens of a multiple- 
opening press 30. 

50 The press 30 described in greater detail in 
Figure 3, but in general comprises a series of 
spaced heated platens 3Z Eadi of the cut 
portions of the uncured blanket 14 is placed 
between two adjacent heated platens 32. A 

55 suitable multiple-platen press has about twenty 
openings for the reception of the uncured 
portions of the blanket After each of the 
openings has recaved the blanket the press is 
then operated so as to apply heat and pressure 

60 uniformly to the portions of the uncured 
blanket in the press. The blanket 14 remains 
in die press for approximately eight minutes, 
during which time the heat applied thereto sets 
the resin and the platens hold the blanket to a 

65 predetermined thickness while the resin sets. 



As will be discussed hereinafter, the press time 
may be varied from 2.5 minutes for a panel of a 
density of 9 pounds per cubic foot to 12 minutes 
for a panel of about 30 pounds per cubic foot^ 
depending upon the curing temperature. After 70 
setting, the press is opened and the cored 
boards are removed by a press unloader 35, 
which is similar to the press loader 25. A 
hydraulic ram 37 raises and lowers a plate 39 

which assists in the removal ofthe boards from 75 
the press. 

The cured boards, designated as 40, are 
removed for further &brication in the area 
designated 42. This ftuiher febrication con- 
sists of removing the cauls, trimming the board 80 
to the desired laogth and width, applying paint 
coating to the fece thereof, or lamii^at^Tig a 
suitable finishing mat to the fece surfece of the 
finished paneL 

The mechanical details ofthe caul applicator 85 
22, the press loader 25 and the press unloader 
35 have not been set forth as these details do 
not form a part of the invention, and the 
apparatus involved may be purchased or 
contracted for. gQ 

While the general overall process has been 
described, reference may now be had to 
Figure 2 for a more dialled description ofthe 
apparatus for forming an uncured blanket 

The slag or other vitreous material from 95 
which the fiber is formed is melted in a con- 
ventional ciq>ola 50. The temperature of the 
slag in ccqpola 50 is generally in the r^on of 
2600°F., at which temperature the slag flows 
freely and has a relative^ tow viscosity. A 100 
trough or chute 51 is proved through which 
the molten slag flows downwardly to the upper 
face 53 ofa rotor 55. Upper fece 53 of rotor 55 
has a sligMy concave ^pe terminating at its 
periphery in a slighriy thick lip 54. As the slag 105 
flows down chute 51, its temperature drops 
slightiy to about 2400°F. and its viscosity 
increases. 

Rotor 55, which may be of cast material, such 
as iron, is drcnlar and has a hollow iimer 110 
chamber 56. Rotor 55 is caused to spin at a 
high velod^ around its axis by means of a 
shaft 58, a belt 50, and a motor and drive 
mechanism 62. Shaft 58 is hollow and has a 
pipe 65 concentrically mounted within. Pipe 115 
65 has a distribun)r 67 at its lower end. A 
coolant, such as water, is introduced through 
pipe 65 and caused to flow through chamber 56 
to cool die rotor and aid in reducing the tem- 
poratureoftheslagonthefeceoftherotorso 120 
that a desired viscosity of slag is achieved. The 
coolant flows out of chaanber 56 between the 
pipe 65 and the interior of hollow shaft 58. 

A steam ring or annulus 70 is mounted 
around the rotor to provide a blast of steam 125 
which intercepts the slag streams centrifically 
thrown outwardly over the 1^ 54 of rotor 55, 
and attenuates the sl^ in the streams into fine 
fibers. An amount ofslag fiDm the streams feils 
to attenuate into the desired fibers and results 130 
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in the shot heretofore descnbed. A steam pipe 
72 is connected to ring 70 to supply steam undo: 
pressure from a boiler or other source (not 
shown). The blast of steam emerges from the 
5 ring 70 under a pressure of from 80 to 100 
poimds per square inch, and in an amount of 
2 pounds of steam for each pound of molten 
material* 

As the combined fiber and shot are carried 
10 dowowardlyj resin M in the form of fine drop- 
lets is sprayed into the descendmg cone of 
fibers and diot» through a nozzle 82. Nozzle 
82, which has a series of fine orifices, is con- 
nected to a pipe 85 through which the resin is 
15 pmnped under pressure from a source (not 
shown). 

The fibers and shot now coated with the 
resin 80 are collected in the form of an uncured 
blante: 14 on a conveyor 12 (discussed hcrein- 

20 before with reference to spinning apparatus and 
collection chamba 10). Conveyor 12, which 
may be a conventional belt conveyor, is sup- 
ported by journals 89 at the upper end of a 
frame 90. Frame 90 is supported on a founda- 

25 tion 92. Side walls 95 m conjunction with a 
front and back wall (not shown) complete the 
collection chamber. 

The hot plate press 30 is shown in greater 
detail in Hgure 3. This press is commercially 

30 available from ^QHliams-White & Company, 
and is shown in U.S. Patent No. 2^*41,249. 
However, to illustrate tiie novel process of the 
invention, a brief general descriptiQn of this 
press is given with reference to Figure 3. 

35 In general, the press comprises a base 100 
which supports pOlars 102 arranged at four 
comers of the base and extending upwardly 
to a top firamewod: 104. At each of the four 
comers of firameworic 104 there is a pulley 106 

40 whidi has a series of sheaves or pulley grooves 
108. These grooves are of decreasing diamasr 
outwardly fix>m the base of the pulley. Several 
platens 110 are suspendexl in spaced rdation- 
ship by means of cables IIZ The cables 112 

45 are arranged so that the cable supporting the 
lowermost platen 1 10 is carried by the groove or 
sheave having the largest per^hery. The 
cables 112 connected to the other platei^ are 
arranged so that ^ nearer the platen is to the 

50 top ofthe press, the smaller is the diameter of 
the groove around whidi its corresponding 
cable rides. A cable 114 is connected arotmd 
the out^ pecipheiy of the groove of largest 
diameter in pulley 106 and extends downwardly 

55 through a pulley 116. The lower end 118 of 
cable 114is connected to the bottom platen 120. 
Platen 120 is forced upwardly through an 
hydraulic power system 125 connected to a 
Ir^draufic driving unit 126. 

60 As hydraulic fluid is pumped from hydraulic 
driving unit 126 to the hydraulic power system 
125, platra 120 is forced inwardly. As platen 
120 moves upwardly it carries with it the lower 
end 118 of cable 114, cau^g eadi of the 

65 pulleys 106 to rotate. As pulle]^ 106 rotate at 



the four upper comers of tiie press, they cause 
the respective cables 112 connected to the 
individual platens 110 to move these platens 
doser together in a uniform manner. Ihe rate 
of closure between any two neighbouring 70 
platens 110 is the same as the rate of closure 
between any other two neighbouring platens. 
Thus, pressure is evenly and simultaneously 
appHed to any material lying on the platens. 
Platens 110 are connected over flexible tubes 75 
122 and a common pipe 123 to a source of heat 
which may be, for example;, a steam generator 
125. Thus, the press applies heat and prcsstne 
uniformly and simultaneously to the material 
lying between the platens. 80 

To ensure accurate thidcness control of the 
cured panel, spacers 130 are attached along the 
upper, outer edges ofthe plat^ 110 and 120. 
The thickness of these spacers 130 is equal to 
the desired final thickness ofthe rigid panels. 85 

After a suitable press op^tion, which will 
be described in greater detail hereinafrer, the 
press is opened and by means of press unloader 
35^ the material is removed from press 30 and 
undergoes such further fabrication as may be 90 
desirable. 

Thus 6r the process for forming the novel 
rigid panels of the invention has been set fi>rth 
in general terms. A more detailed explanation 
ofthe salient features ofthe invention will now 95 
be given. 

It should be recalled that the fiber formed in 
the spinning and collecdon chamber 10 has an 
average diameter of 8 microns and varies in a 
range of fit>m 2 to 15 microns. The length of 100 
the fiber ranges from afew millimeters to about 
4 mchcs. In addition, from 14% to 53% by 
wd^t of the non-resinous part of the final 
panel is shot. 

To fiuther define the shot, the following 105 
sieve analysis is presented: 
Sieve Analysis 



Sieve 

(U.S. Standard Mesh) 
10 mesh 
30 mesh 
50 mesh 
pasdng50mesh 



%Retamed 



Typical 
0.0 
73 
38.1 
53.7 



Range 
0—1 
5-8 
30-40 
50—60 



It should be noted that over 50% ofthe shot 
&]ls through a 50^esh screen. 

The binder used in making the rigid panel 
may be either thormosetting or thermophsdc. 
Typical thermosetting bindm are phenol- 
fbrmaldelgrde» urea-formaldehyde ai^ md- 
amine-formaldehyde. Topical thermoplastic 
binders are polyvinyl alcohols, polyvinyl 
achates, polyvinj^l chloride;, and acryfic resins. 
The amoimt of binder whidi may be used may 
range firam 2% to 17% by weight of the 
finished product. The amount of binder, as 
will be discussed hereinafter, depends upon the 
desired thickness and density of the finished 
product 

The temperature range for caring the 
phenolic-type bmder is &om 350° to 450°F. 



110 



115 



120 



125 



130 
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At temperatures below 350**F. the resm-curing 
thne is too loBg to be of practical use; while at 
tmpmtares above 450**F. the resin tends to 
ovcMnre and forms a brown crust on the 
sur&ce of the paneL The press pressure may 
vary from 1 pound per square iadi for a board 
of I inch thidcness and 9 pounds per cubic foot 
doisity, to 290 pounds per square indi for a 
I inch thick bo^ wth 70 pounds per cubic 



Time 
7 mtnutes 


Temperature 
350*T. 


6 minutes 


400TF. 


23 minutes 


450*T?. 


9 minutes 


350**F. 


8 miTllTtRg 


400°F. 


6 minutes 


450*T. 


12 minutes 




10 minutes 


400T. 


7 minutes 


450T. 


_ The foUowitig table shows the curiag times 
with different dmsities : 


Time 
4 minutes 


Temperature 
350°F. 


5 minutes 


350T?. 


6 minutes 


350T. 


7 minutes 


350T?. 


8 minutes 


350*T. 
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From these tables it can be seen that for tibe 
optinmm temperature range of b^eea 350TF, 
and 450°F. the heating and pressure time ranges 
from 2J5 minutes to 12 minutes. It can also be 

25 seen that for a given diidaiess of panel, the 
time in die press increases as t)^ density 
increases. However, for this time range the 
rigid i»nel of the invendon can be produced m 
a density range of between 9 and 70 pounds per 

30 cobic foot on a nraltq>le-opeoing press to 
provide a produa at a competitive price. 

It has also been detennined that for paneb 
up to 1.5 inches in ihidkness, conqiarable 
reladonsh^ exist between the time in the 

35 press, the tenqieratare, and the density of the 
rigid paneL 

The time^texnperature data presented in the 
forgoing tables were d^etmined with ref- 
erence to a particular thermosetting resin; 

40 nam^, ^H^ataHn (Registered Trade Ma^) 
CR7112^ resin, manu&ctured and sold by 
Gatalin Corporatiaa of America, New York, 
New Yod^ However, the time-ten^perature 
characteristics for other thennosettmg aird 

45 thermoplastic resins will be conqiarable, and 
the press time can be decetmined for any other 
resin whose ttme-temperature curve is Icnown. 
The time-tempeiature curves, showmg cure 
rates for resms, are general^ supplied by the 

50 resm manufacturer. 

Reference may be had to Figure 9 which 
shows the press pressure vi^sus density 
relationship for boards l-indh-thick. In Figure 



foot density. Experimentally, it has been 10 
determined that the time in the press depends 
upon the temperature to which the cured resin 
is subject^ and to the density of the blanket for 
a given thickness of the bhmlceL For thermo- 
plastic resin, the temperature may be in the 15 
r^ion of 250*T. 

The following table shows the curing time at 
different temperatures for a panel | inch thick: 

Density 
9 — 11 pounds per cubic foot 
9 — 11 pounds per cubic foot 
9—11 pounds per cubic foot 

16 — 19 pounds per cubic foot 
16 — 19 pounds per cubic foot 
16—19 pounds per cubic foot 

26 — 30 pounds per cubic foot 
26—30 pounds per cubic foot 
26 — ^30 pounds per cubic foot 



9.6 pounds per cubic foot 
12.6 poimds per cubic foot 
33.0 pounds per cubic foot 
40.0 pounds per cubic foot 
70.0 pounds per cubic foot 

9 the densi^ of die finished panel in pounds 
per cubic foot is plotted as abscissa, while the 55 
press pressure is plotted as ordinate, line 149 
represents the relationship between press 
pressure and density for f-inch-^ck finished 
product. Itm^beseentihatthedensity of the 
finished produa is a straight-Hne fonction of 60 
the press pressure to a density of about 35 
pounds per cubic foot For greater densities of 
the finished product, the press pressure increases 
rapidfy, so that for a produa having a density 
of 70 pounds per cubic foot the press pressure 65 
is 290 pounds per square inch. 

Re&rence may be had to Figures 4 and 5 
which show the finished produa produced by 
the flat-plate pressing tedmique of the inven- 
tion. Figure 4 is an enlarged view of a pordon 70 
of the produa taken along lines 4 — 4 of Figure 
5. Figure 5 shows the pr^ua in its cured state 
in whidi mineral wool fibers 150 are fohed to 
form a mat of desired density and stcengdu 
Shot partides 151 are interspersed throughout 75 
the mat and serve as bridges to reduce the 
tendency of the fibers to bre^ under stress and 
noake a produa which is equal in strength to a 
similar resin-formed produa made by a con- 
veyor oven. The flat-plate-pressed produa 80 
requires much less resin binder than a produa 
of con^)arable strength made by the conveyor- 
press meduxL 

Figures 4, 6 and 7 show in greater detail the 
mannerin which the mineral fibers are bonded 85 
to each other and the eSect of die shot incor- 
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porated in the product As can be seen in 
Figure 4, the mineral-wool fibers 150 form an 
interfdted maL Partides of shot 151 are 
dispersed throughout the mat, and resin 155 

5 ties together the shot particles 151 and the 
mineral-wool fibers 150. It can be seen that 
shot particles 151, to the left in Figure 4, form 
a bridge between the enclosing mineral-wool 
fiber 150, and because of the set resin inhibits 

10 displacement of these fibers relative to each 
other. It is apparent that if resin alone were 
to act as the bridge between the fibars, more 
resin would be needed for the same rigidity in 
thepaneL Thus, the shot particles in the panel 

15 make the resin more effective, as less can be 
used for a rigid panel 

With reference to Figures 6 and 7, there are 
shown in schematic forms a theoretical exposi- 
tion of the reason why the shot contributes to a 

20 stronger product Figure 6 illustrates a 
portion of a produa in which the cured resin 
binds the fibers 150 together at the points of 
contact of the fibers and there is no shot The 
arrow 160 represents the application of a force 

25 downw^dly on the top fiber. It should be 
noted that the force is applied to the fiber with 
a span a — b. In contrast with the conditions of 
Figure 6, Figure 7 Illustrates a similar product 
with shot partides 15L The heavy dark fines 

30 emphasize and point out the points of bond 
between the shot partides and the fiber 150. 
Now it can be seen that the shot partides 151 
form bridges between the points of contact of 
diefibersl50. In addition, ifa force is applied, 

35 as shown by the arrow, the span of the top fiber 
is only a' — b'. This shorter span resists 
breakage of the top fiber to a greater extent 
than that shown in Figure 6. It is thus seen 
that the presence of the shot pardde 151 

40 greatly enhances the strength and rigidity of 
the resin-cured product and accounts for the 
more ^dent use of the resin. 

If the shot partides are too small or fine, 
their efifectiveness is not as pronounced as that 

45 of larger partides. In addition, the amount of 
shot partides by w^^t of the finished product 
becomes important because, as the amount of 
shot partides increases, the amount of fibers 
decreases for a given weight of board. As the 

50 amount of fibers becomes less than 47% by 
wei^^ the strength of the pand is impaired 
and an excessive amount of resin may have to 
be used. As the amount of shot partides 
becomes less dian 14%, their efiectiveness as 

55 bridges lessens and again an excessive amount 
of resin may have to be used. 

The size of the shot partides also becomes 
important The sieve anatysis of the shot 
partides shorn that partides larger than those 

60 which are retained on a 10 mesh screen are not 
important, and that about 30% to 40% of the 
shot partides by weight should be retained on 
a 50 mesh or greater screen with about 50% to 
60% being small enough to pass tfarougji a 

65 SOmeshscreen, It is believed that this range of 



shot size is the optimum for greatest strength 
and rigidity of the product 

To show the overall efifea of the use of the 
flat-plate press of the invention in contrast to 
the use of Ae conventional, continuously- 70 
moving-conv^^ press, reference may be had 
to Figure 8. In this ^ure the strength of the 
product produced by each method is plotted as 
a function of density in poimds per cubic foot 
of finished product line A represmts the 75 
strength characteristic of tiie finished product 
when an amoimt of resin is used equal to that 
in the conveyor-press product line B rep- 
resents the strength characteristic of the 
finished product when only one-half as much 80 
binder is used as in the conveyor-press product 
line C represents the strength characteristic of 
the produa produced in 3ie conveyor press. 
It can be seen that for the flat-plate-pressed 
product, the strengtii is greater at each density, 85 
and in faa even for the product whidi has only 
one-half as much binder as the conveyor-press 
product, the strength is greater than that of a 
product of the same density made by the con- 
veyor press. For this escample, the full-binder 90 
condition is that in which the resin is about 9% 
by wdgjit of the pand and die one-half binder 
condition is that in which the resin is about 
4i% by wdght of the panel 

"For example, for a product with a density of 95 
10 pounds per cubic foot, the M.OJ^ (Modulus 
of Rupture) of the product with full binder 
(line A) is about 200 potmds; the M.O.R. of the 
product with only one-half as much binder 
Qine B) is about 110 pounds; and the ALO.R. 100 
of the product made in the conveyor press 
(tine Q is only about 43 pounds. Thus, it is 
apparent that the product produced by the 
fiat-plate-press is far superior to that produced 
by tihe conveyor press. 105 

In addition, the range of density of the 
product made by the fiat-pkte press is &r 
larger than that of die product made by the 
conveyor press. In order to make a product 
having a density range of between 4 pounds per 1 10 
cubic foot and 70 pounds per cubic foot, tiie 
press must have a pressure range of between 
1 pound per square inch and 290 pounds per 
square inch, lliis range is easily adiievable in 
a fiat-^late-press sudi as that described herein. 115 
However, it is impractical to achieve such a 
range of pressures with the conveyor oven press 
due to the mf^rhgniml problems involved. 

In order to mdke die use of a flat plate press 
economically feasible, it b necessary to provide 120 
a multiple-opening press of the type described. 
Ifa press with only one set of pressing plates 
were used, the rate of production would not be 
rapid enough to make rigid pands at a com- 
mercially practicable cost In addition, in 125 
order to produce constant pressure and tem- 
perature condmons on the board in a multiple 
opening press, it is important that a press in 
whidi the platens dose simultaneously be 
employed. In this way the same pressure and 130 
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tempemtore conditioiis can be xnaintaiQed fct 
any desired product so that uniformity in 
density and strength can be achieved* 
In sununary^ there has been presented a 
5 novel method for tngViTig a rigid panel by 
means of a flat-plate press, and particularly a 
flat-plate press naving a plurality of platens 
whidi simultaneously appfy heat and pressure 
within a specific range to an interfdted blanket 
of mineral wool fibers, shot particles, and resin. 
In addition, the novel prcKiuct has been set 
forth with reference to its ingredients and the 
proportions thereof. 
WHAT WE CLAIM IS: 

L A rigid panel having a density of between 
4 and 70 pounds per cubic foot comprising by 
weight of finished product between 83 and 98% 
of mineral matter, of which 47% and 86% is 
interfelted minoal-wool fibers and between 
20 14% and 53% shot particles and between 2% 
and 17% of synthetic resin binder, wherein 
said shot partides are no larger than 10 mesh, 
and in which 5% to 8% are retained on a 
30-mesh screen, 30% to 40% are retained on a 
25 50-mesh screen and b^^reen 50% and 60% 
pass through a 50-mesh screen* 

2. The ri^d pand according to claim 1, 
wherein said synthetic resin binder consists of 



10 



15 



phenol-formaldehyde, urea-fi>rmaldeilqrde, md- 
amine-formaldehyde^ polyvinyl alcohol, poty- 30 
vinyl chloride;, polyvhiyl acetate or acrylic resin. 

3. A method ofmafing a rigid pand accord- 
ing to any one of the preceding dahns com- 
prising the steps of makmg a blanket of the 
interfdted mineral-wool fibers, shot partides 35 
and uncored synthetic resin binder, pre- 
compressing the said blanket to a duckness less 
than its original thickness, cutting said blanket 
into portions of required size, heating simul- 
taneously a plurality of said blankets at a tern- 40 
perature of between 250T. and 450T. and 
applying to said blanket between platens a 
uniform pressure of between 1 and 290 pounds 
p^ square inch for a period siiGGident to cure 
said synthetic resin. 45 

4. A rigid pand constructed as herein 
described with particular referoice to the 
embodiment illustrated in the accompanying 
drawings. 

5. A method of making a r%id pand accord- 50 
ing to claim 3 substantially as herdn described 
with reference to the accompanying drawings. 

STEVENS, LANGNER, 
PARRY & ROLLINSON, 
Qiartered Patent A^Kts. 
Agents for the i^licants. 
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